Purpose: Advancements in catheter technology have allowed for greater flexibility and trackability. We report 265 consecutive, single-center neurointerventional cases using the Navien guide catheter. Materials and methods: Retrospective analysis was performed of consecutive intracranial endovascular procedures utilizing the Navien catheter. Data collected included procedure type, catheters, guide catheter position, cervical access artery tortuosity grade and complications. Results: The 5 French catheter was used in 130 cases. The 6 French catheter was used in 135 cases. Access was via the internal carotid artery in 204, external carotid artery in 10, and vertebral artery in 51 cases. Catheter tip position was in the petrous segment of the internal carotid artery in 36.6% (97/265), distal cervical internal carotid artery in 13.9% (37/265), cavernous internal carotid artery in 10.2% (27/265), proximal or mid cervical internal carotid artery in 5.6% (15/265), supraclinoid internal carotid artery in 0.8% (2/265), and intradural vertebral artery in 0.8% (2/265) of cases. Catheter position was not determined in 18.9% (50/265) of cases. Proximal vessel tortuosity (grade B or C) was present in 98 cases (37%), and the catheter was tracked distal to the tortuosity in 93% (91/98) of these cases. The overall success rate without catheter complication was 97% (258/265). The Navien was replaced by another catheter in 1.9% (5/265) of cases. There was one cervical artery dissection (0.4%) and one severe vasospasm (0.4%) necessitating Navien removal. Conclusions: The Navien guide catheter provided distal access support for neuroendovascular interventions in nearly all cases, including cases with proximal artery tortuosity, with a low rate of catheter-related complications.
Introduction
The introduction of new endovascular devices in recent years has helped enable treatment of intracranial vascular lesions, some of which may have been previously considered untreatable or difficult to treat by such techniques. [1] [2] [3] [4] [5] [6] [7] [8] [9] Successful endovascular treatment of intracranial lesions often requires coaxial catheter support systems for safe, stable access to the intracranial circulation. Effective guide catheter support is often required in the setting of vascular tortuosity, distal location of target lesions, anatomically difficult to treat lesions, and when using large bore device delivery systems. Distal guide catheter positioning can be critical in these settings. The introduction of several new distal access guide/support catheters has changed the endovascular approach used in treating many intracranial vascular lesions. These catheters demonstrate increasing ease of distal trackability compared to previously available, more rigid guide catheter technology. Previous reports have demonstrated the safety and efficacy of distal access catheters 1, 3, 4, 6, 7, [9] [10] [11] [12] for a variety of neurointerventional procedures, although some of these reports are limited to small case series or case reports and describe experiences with older catheter models. The Navien (Medtronic; Irvine, CA, USA) is a relatively new guide catheter designed for distal access. We present our initial, consecutive, single center results using the Navien in 265 intracranial endovascular interventions. 1 
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Materials and methods
This retrospective study was approved by our institutional review board and is compliant with the Health Insurance Portability and Accountability Act; the need for informed consent was waived. We retrospectively reviewed the records of a prospectively collected, single-center, neuroendovascular database to identify all cases in which the Navien catheter was used for intracranial interventions from January 2012 to August 2014 by three primary operators. Data were collected with respect to the procedure performed, femoral artery sheath, Navien catheter, microcatheters, cervical access artery tortuosity grade (A, B or C), final Navien catheter position, and Navien catheter-related complications. Cervical access artery tortuosity grade was defined as: (A) Sum of tortuosity angles less than 120 ; (B) Sum of tortuosity angles between 120 and 360 ; (C) Sum of tortuosity angles greater than 360 ( Figure 1 ). Grading of cervical artery tortuosity was performed via unblinded consensus by two neurointerventional operators (GJ and LG) with 6 and 2 years, respectively, of primary operator-level experience. Significant cervical vascular tortuosity was defined as either grade B or C. Data are presented as counts, percentages, and means.
Results
From January 2012 to August 2014, the Navien catheter was used in a total of 265 intracranial interventions in 265 patients (mean age 56.9 years, range 19-87 years; 179 women). A 6 French, 80 cm femoral artery access sheath was used in 254 cases, while 6 French, 45-70 cm sheaths were used in the remaining 11 cases. The 0.058 inch diameter Navien was used in 130 cases, while the 0.072 inch diameter catheter was used in 135 cases. Target lesion access was via the internal carotid artery in 204 cases, via the external carotid artery in 10 cases, and via one of the vertebral arteries in 51 cases.
The procedures performed are outlined in Table 1 . Final Navien catheter positions are outlined in Table 2 . Cervical access artery tortuosity grading (A, B, or C) with corresponding distal tracking of the Navien catheter is outlined in Table 3 . There was significant proximal vessel tortuosity in 98 cases (37%). The success rate at traversing this tortuosity was 93% (91/98). The Navien was removed and replaced with a smaller diameter catheter prior to the start of target intervention and without any parent artery changes in five cases (1.9%), and there was additionally one case of severe Navien-related cervical artery vasospasm (0.4%), necessitating catheter removal and replacement with a smaller diameter catheter without long-term complications. One case of cervical artery dissection (0.4%) was attributable to the Navien.
The following catheters and microcatheters were used coaxially through the Navien: 0.044 inch (n ¼ 2), 0.027 inch (n ¼ 90), 0.021 inch (n ¼ 58), 0.017 inch (n ¼ 134), 0.013 inch (n ¼ 18), 0.012 inch (n ¼ 1), snare microcatheter (n ¼ 1), and balloon microcatheter (n ¼ 34). More than one microcatheter was used in 73 cases.
Discussion
Prior to the inception of the currently available distal access guide catheters, distal access into the intracranial circulation was limited by the stiffness of now older guide catheters, as a tortuous vascular anatomy classically presented a challenge in the endovascular treatment of cerebral vascular pathology. Traditional guide catheters relied on catheter stiffness to provide stability, thereby limiting navigability. Newer guide catheters are softer, more flexible, and more trackable compared to older models, while continuing to provide the support required for distal, complex microcatheter work. [6] [7] [8] 12, 13 These newer guide catheters utilize support achieved by anchoring around proximal vascular bends, allowing for distal, stable microcatheter access. There are several advantages of positioning a guide catheter distally in close proximity to the target lesion, namely more predictable microcatheter movement during engagement with the target lesion and better control during device deployment. These factors may translate into not only safer procedures but also technical success with procedures previously considered difficult or impossible to perform.
Our report is the largest published series on results using Navien distal guide catheters for intracranial interventions and includes a wide gamut of intracranial interventions in both the anterior and posterior cerebral circulations. One of the largest reviews on distal access guide catheter safety and efficacy for neurovascular work was published by Turk et al. 7 The authors in that series reported on 529 cases using the now relatively older Neuron guide catheter family (Penumbra Inc., Alameda, CA, USA) and Chaperone (Microvention-Terumo, Irvine, CA, USA) catheters; they reported guide catheter-related complications in 0.8-1.3% of cases. 7 In that same report, the authors reported a catheter-related complication rate of 2.3% in 130 cases with the other older generation guide catheters, i.e. the Shuttle sheath (Cook, Bloomington, IN, USA) and Envoy XB (Codman, Raynham, MA, USA), in spite of the fact that those catheters reached an intracranial position in only 3.4% of the cases. Another large series by Hui et al. 14 reported 608 cases with the Neuron guide catheters and the Concentric Outreach distal access catheter (Stryker, Kalamazoo, MI, USA), noting a rate of arterial dissection of 1% and an overall complication rate ranging from 6.9% to 8.4%, although, according to the authors, none of the additional complications were directly attributed to the catheters.
We found guide catheter-related arterial dissection in only 0.4% of cases and arterial vasospasm requiring guide catheter removal and replacement in only an additional 0.4% of cases. We noted significant proximal vessel tortuosity, defined as grade B and C, in 37% of our cases; Navien was tracked distal to this tortuosity in 93% of such cases. Moreover, 14.7% of cases had severe cervical vessel tortuosity, which we have defined as grade C, and the Navien was tracked distal to such tortuosity in 90% of cases. The internal carotid artery was the most commonly traversed vessel for access in our series, and the final catheter position in these cases was most often in the petrous segment of this vessel (36.6%). We tracked the Navien catheter to an intracranial location in 48% (128/265) of cases and experienced no intracranial arterial dissections. These cases represent our first 265 consecutive cases using the Navien catheter. Since completing these cases, we have continued to use the catheter with similar frequency. As our experience has grown with this catheter, we are continuing to navigate to intracranial positions, we believe, with greater frequency and further distally, although we have not evaluated this. Three prior smaller reports have described experience with the Navien catheter [8] [9] [10] for intracranial interventions. One of these reports described 'ultra-distal' access with the catheter in 12 cases. 10 The other report by Colby et al. 8 described the use of the 0.058 inch diameter catheter in conjunction with a 0.027 inch microcatheter for placement of the Pipeline Embolization Device (Covidien; Irvine, CA, USA) in 78 cases. The authors from both series report excellent trackability of the guide catheter, including in all 44% of cases, with significant proximal vascular tortuosity in the report by Colby et al. 8 A study on the Navien by Lee et al. 9 showed 3.3% of significant vasospasm without any clinical complications in 61 cases of brain aneurysm coiling. There were no other catheter-related complications such as arterial dissection in these reports. We report similar findings on distal trackability and catheter-related complications; our report includes a much larger number of patients, and we report our experiences with both the 0.058 and 0.072 catheter sizes used with numerous microcatheters across a wide range of intracranial interventions in both the anterior and posterior cerebral circulations.
A limitation of distal access guide catheters includes lack of proximal support, often necessitating the use of a tri-axial system, which includes a long sheath or occasionally another support catheter. Such systems are more complex compared to conventional systems using, for example, a relatively short sheath and relatively proximal access guide catheter. As a result, these systems can add some risk of vascular injury and/or thromboembolic complication. The Navien was used in conjunction with 6 French, 80 cm sheaths in nearly all of our cases or with a relatively long, 45-70 cm sheath in the remaining cases. Another potential limitation of using distal guide catheters includes crowding of the guide catheter lumen with relatively large and/or multiple microcatheters. We found that angiographic imaging was adequate, even with microcatheters in place, when using both the 5 Fr and 6 Fr Navien. Adherence to intraluminal guide catheter size limitations is important in this regard and can allow for adequate intra-procedural imaging. Imaging and/or roadmaps prior to intermediate catheter placement or upsizing of the guide sheath may be useful additional considerations.
Limitations of our report include its retrospective design. Due to the retrospective review of imaging and reports, we were unable to grade vascular tortuosity and/or the final Navien catheter position in a minority of cases. Vascular tortuosity grading was determined subjectively by two of the authors, which allows for bias in this grading scale. The results of our grading scheme were, nevertheless, similar to prior smaller reports investigating this topic in neuroendovascular patients. 8, 9 Catheter technology, moreover, has continued to evolve since performing our final cases included in this report. The recent release of multiple new distal access catheters, introduced initially for use in intracranial thrombectomy in the setting of emergent large vessel occlusion-related stroke, represents an ongoing evolution of guide catheter technology. We do not provide a comparison or report on these currently newest devices in this report. Despite these limitations, we believe our data are relevant to many neuroendovascular operators, given the large number of cases we report over a wide gamut of intracranial interventions performed by three neuroendovascular operators.
Conclusion
The Navien guide catheter provided distal access support for neuroendovascular interventions in nearly all of our reported cases, including nearly all cases with proximal artery tortuosity, with a very low rate of catheter-related complications. Our data are in line with other favorable reports from a growing body of data on guide catheters used for intracranial endovascular procedures.
